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@ Method for forming crystalline deposited film. 

@ A method for forming a crystalline deposited film com- 
prises introducing an active species (A) formed through 
decomposition of a compound containing silicon and a halogen 
and an active species (B) formed from a chemical substance for 
film formation having a property of effecting chemical mutual 
reaction with said active species (A) into a film forming space in 
which a substrate having a free surface with a non-nucleation 
surface (Snds) with smaller nucleation density and a nucleation 
surface (Sndl) having sufficiently small area for crystal growth 
from only a single nucleus and having greater nucleation density 
(NDl) than the nucleation density (NDs) of said non-nucleation 
surface (Snds) being arranged adjacent thereto is previously 
arranged, thereby effecting contact between said materials to 
form a plurality of precursors containing precursors under 
excited state, forming a single crystal on said nucleation 
surface (Sndl) with at least one precursor of these precursors 
being as the source for feeding the constituent element of the 
deposited film, and permitting a single crystal to grow from said 
nucleus. 
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Description 

Method for Forming Crystalline Deposited Film 



BACKGROUNND OF THE INVENTION 

5 

Field of the Invention 

This invention relates to a method for forming a crystalline deposited film, particularly to a method for 
forming a crystalline deposited film of a single crystal or a polycrystal controlled in grain size prepared by 
utilizing the difference in nucleation density of the deposited materials according to the kinds of the deposited 
10 surface materials. 

The present invention is applicable for formation of a crystalline deposited film such as a single crystal or a 
polycrystal to be used for electronic devices, optical devices, magnetic devices, piezoelectric devices or 
surface acoustic devices, etc., such as semiconductor integrated circuits, optical integrated circuits, magnetic 
circuits, etc. 

15 

Related background Art 

In the prior art, single crystal thin film to be used for semiconductor electronic devices or optical devices 

have been formed by epitaxial growth on a single crystal substrate. For example, it has been known that 

epitaxial growth of Si, Ge, GaAs, etc., can be done from liquid phase, gas phase or solid phase on Si single 
20 crystal substrate (silicon wafer), and it has been also known that epitaxial growth of a single crystal such as 

GaAs. GaAIAs, etc., occurs on a GaAs single crystal substrate. By use of the semiconductor thin film thus 

formed, semiconductor devices and integrated circuits, electroluminescent devices such as semiconductor 

lasers or LED have been prepared. 

Also, researches and developments have been recently made abundantly about ultra-high speed transistors 
25 by use of two-dimensional electronic gas, ultra-lattice devices utilizing quantum well etc., and what has made 

these possible is the high precision epitaxial technique such as MBE (molecular beam epitaxy) or MOCVD 

(organometallic chemical vapor deposition) by use of ultra-high vacuum. 
In such epitaxial growth on a single crystal substrate, it is necessary to take matching in lattice constants 

and coefficient of thermal expansion between the single crystal material of the substrate and the epitaxial 
30 growth layer. For example, although it is possible to effect epitaxial growth of Si single crystal thin film on 

sapphire which is a insulating single crystal substrate, the crystal lattice defect at the interface due to deviation 

in lattice constant and diffusion of aluminum which is a component of sapphire to the epitaxial layer pose 

problems in application for electronic devices or circuits. 

Thus, the method for forming a single crystal thin film of the prior art by epitaxial growth may be understood 
35 to be dependent greatly on its substrate material. Mathews et al have examined about combinations of the 

substrate material with epitaxial growth layer (EPITAXIAL GROWTH, Academic Press, New York, 1975, ed. by 

J.W. Mathews). 

Also, the size of the substrate is presently about 6 inches for Si wafer, and enlargement of GaAs, sapphire 
substrate is further retarded. In addition, since the single crystal substrate is high in production cost, the cost 
40 per chip becomes higher. 

Thus, for production of a single crystal layer capable of preparing a device of good quality according to the 
method of prior art, there has been involved the problem the kinds of the substrate materials are limited to an 
extremely narrow scope. 

On the other hand, researches and developments of three-dimensional integrated circuits to accomplish 
45 high integration and multi-function by laminating semiconductor devices in the normal line direction of the 
substrate have been abundantly made in recent years, and also researches and developments of large area 
semiconductor devices such as solar batteries or switching transistors of liquid crystal picture elements, etc., 
in which devices are arranged in an array on a cheap glass are becoming more abundant from year to year. 
What is common to both of these is that the technique for forming a semiconductor thin film on an 
50 amorphous insulating material and forming an electronic device such as transistor, etc., thereon is required. 
Among them, particularly the technique for forming a single crystal semiconductor of high quality on an 
amorphous insulating material has been desired. 

Generally speaking, when a thin film is deposited on an amorphous insulating material substrate such as 
Si02, etc., due to the defect of long distance order of the substrate material, the crystal structure of the 
55 deposited film becomes amorphous or polycrystalline. Here, the amorphous film refers to a state in which near 
distance order to the extent of the closest atoms is preserved, but no longer distance order exists, while the 
polycrystalline film refers to single crystal grains having no specific crystal direction gathered as separated at 
the grain boundaries. 

For example, in the case of forming Si on Si02 according to the CVD method, if the deposition temperature 
60 is about 600 ° C or lower, it becomes an amorphous silicon, while it becomes a polycrystalline silicon with grain 
sizes distributed between. some hundred to some thousand A at a temperature higher than said temperature. 
However, the grain sizes and their distribution of polycrystalline silicon will be varied greatly depending on the 
formation method. 
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Further, by melting and solidifying an amorphous or polycrystalline film by an energy beam such as laser or 
rod-shaped heater, etc., a polycrystalline thin film with great grain sizes of some microns or millimeters have 
bee obtained (Single Crystal silicon on non-single-crystal insulator, Journal of crystal Growth vol, 63, No 3 
Octover, 1983 edited by G.W. Cullen). 

When a transistor is formed on the thus formed thin film of respective crystal structures and electron 5 
mobility is measured from its characteristics, mobility of about 0.1 cm 2 /V • sec or less is obtained for 
amorphous silicon, mobility of 1 to 10 cm 2 /V • sec for polycrystalline silicon having grain sizes of some 
hundred A, and a mobility to the same extent as in the case of single crystalline silicon for polycrystalline silicon 
with great grain sizes by melting and solidification. 

From these results, it can be understood that there is great difference in electrical properties between the 10 
device formed in the single crystal region within the crystal grains and the device formed as bridging across 
the grain boundary. In other words, the deposited film on the amorphous material obtained in the prior art 
becomes amorphous or polycrystalline structure having grain size distribution, and the device prepared 
thereon is greatly inferior in its performance as compared with the device prepared on the single crystal layer. 
For this reason, the uses are limited to simple switching devices, solar batteries, photoelectric converting 15 
devices, etc. 

On the other hand, the method for forming a polycrystalline thin film with great grain sizes by melting and 
solidification had the problems that an enormous time is required due to scanning of amorphous or single 
crystal thin film with energy beam for every wafer to be poor in bulk productivity, and also that it is not suited for 
enlargement of area. 2 o 

Further, in recent years, studies of diamond thin film growth are becoming popular. Diamond thin film, which 
is particularly broad in bandgap as 5.5 eV as the semiconductor, can be actuated at higher temperature (about 
500 °C or less) as compared with Si, Ge, GaAs, etc., which are semiconductor materials of the prior art. Also, 
the carrier mobility of both electrons and positive holes surpass that of Si (1800 cm 2 /V • sec for electrons! 
1600 cm 2 /V • sec for positive holes), and thermal conductivity is also extremely high. For this reason, it has 25 
been expected to be promising for application in semiconductor devices of the great consumption power type 
with great heat generation quantity. 

However, although there have been reports in the prior art about epitaxial growth of diamond thin film on a 
diamond substrate by vapor phase growth (N. Fujimoto, T. Imai and A. doi Pro. of Int. couf. IPAT), there is no 
successful report about heteroepitaxial growth on a substrate other than diamond substrate. 30 

Generally speaking, diamond nuclei are generated by utilizing excitation with microwave, using a 
hydrocarbon type gas such as CH4, etc., and by irradiation with hot filament or electron beam, but the 
nucleation density is generally low, whereby a continuous thin film can be obtained with difficulty. Even if a 
continuous thin film may be formed, it has a polycrystalline structure with great grain size distribution and can 
be difficultly applied for semiconductor device. 35 

Also, as long as a diamond substrate is used, it is expensive as a matter of course, posing also a problem in 
enlargement of area. Thus, it is Inot suitable for practical application. 

As described above, in the crystal growth method of the prior art and the crystal formed thereby, 
three-dimensional integration or enlargement of area could not be done with ease to be difficultly applied 
practically for devices, and crystals such as single crystals and polycrystals, etc, required for preparation of 40 
devices having excellent characteristics could not be formed easily and at low cost. 

On the other hand, hitherto, for; formation of functional films, particularly crystalline semiconductor films, 
suitable film forming methods have been individually employed from the standpoint of desired physical 
characteristics, uses, etc. 

For example, for formation of silicon deposited films such as of amorphous or polycrystalline, i.e. non-single 45 
crystalline, silicon which are optionally compensated for lone pair electrons with a compensating agent such 
as hydrogen atoms (H) or halogen atoms(X), etc., (hereinafter abbreviated as "NON-Si (H,X) n , particularly 
"A-Si (H,xr when indicating amorphous silicon and "poly-Si (H,X) W when indicating polycrystalline silicon) (the 
so-called microcrystalline silicon is included within the category of A-Si (H,X) as a matter of course), there 
have been employed the vacuum vapor deposition method, the plasma CVD method, the thermal CVD method, 50 
the reactive sputtering method, the ion plating method, the optical CVD method, etc. Generally, the plasma 
CVD method has been widely used and industrialized. 

However, the reaction process in formation of a silicon deposited film according to the plasma CVD method 
which has been generalized in the prior art is considerably complicated as compared with the conventional 
CVD method, and its reaction mechanism involves not a few unclarif ied points. Also, there exist a large number 55 
of parameters for formation of a deposited film such as substrate temperature, flow rate and flow rate ratio of 
gases to be introduced, pressure during formation, high frequency power, electrode structure, structure of a 
reaction vessel, speed of evacuation, plasma generating system, etc. By use of a combination of such a large 
number of parameters, plasmav,may sometimes become unstable state, whereby marked deleterious 
influences were exerted frequently on a deposited film formed. Besides, parameters characteristic of film 60 
forming devices must be selected for each device and therefore under the present situation it has been 
difficult to generalize the production condition. 

Also, in the case of the plasma CVD method, since plasma is directly generated by high frequency or 
microwave, etc., in a film forming space in which a substrate on which film is to be formed is placed, electrons 
or a number of ion species generated thereby may give damages to the film in the film forming process to 65 
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cause lowering in film quality or non-uniformization of film quality. Moreover, the condition suitable for 
crystallization of a deposited film is restricted and therefore it has been deemed to be difficult to produce a 
polycrystalline deposited film with stable characteristics. 

On the other hand, for formation of an epitaxial deposited film such as of silicon, germanium, group ll-VI or 

5 Group lll-V semiconductors, etc., there have been used the gas phase epitaxy and the liquid phase epitaxy as 
defined in a broad sense (generally speaking, the strict definition of epitaxy is to grow another single crystal on 
a single crystal, both having the same single crystal axes, but here epitaxy is interpreted in a broader sense 
and it is not limited to the growth onto a single crystal substrate). 
The liquid phase epitaxy is a method for precipitating a semiconductor crystal on a substrate by dissolving a 

10 starting material for semiconductor at high temperature to a super-saturated state in a solvent metal which is 
molten to a liquid and cooling the solution. According to this method, since crystals are grown under a state 
most approximate to thermal equilibrium among various epitaxy techniques, crystals with high perfectness 
can be obtained, but on the other hand, bulk productivity is poor and surface state is bad. For such reason, in 
an optical device which requires an epitaxial layer which is thin and also uniform in thickness, problems are 

15 accompanied such as yield in device production, or influences exerted on device characteristics, etc., and 
therefore this method is not frequently used. 

On the other hand, the gas phase epitaxy has been attempted by physical methods such as the vacuum 
vapor deposition method, the sputtering method, etc., or chemical methods such as hydrogen reduction of a 
metal chloride or otherwise thermal pyrolysis of a metal organic compound or a metal hydride. Among them, 

20 the molecular beam epitaxy which is a kind of the vacuum vapor deposition method is a dry process under 
ultra-high vacuum, and therefore high purification and low temperature growth of crystals are possible, 
whereby there is the advantage that comoposition and concentration can be well controlled to give a relatively 
flat deposited film. However, in addition to an enormous cost required for a film forming device, the surface 
defect density is great, and no effective method for controlling directionality of molecular beam has been 

25 developed, and also enlargement of area is difficult and bulk productivity is not so high. Due to such many 
problems, it has not been industrialized yet. 

The hydrogen reduction method of a metal chloride or the thermal pyrolysis method of a metal organic 
compound or a metal hydride are generally called the haJide CVD method, the hydride CVD method, MO-CVD 
method, for these methods, by the reason that a film forming device can be made with relative ease and also as 

30 the starting materials, i.e. metal chloride, metal hydrides and organic metals, those with high purities are now 
readily available, they have studied widely at the present time and application for various devices has been 
investigated. 

However, in these methods, it is required to heat a substrate to a high temperature at which reduction 
reaction or thermal pyrolysis reaction can occur and therefore the scope of substrate material to be selected is 

35 limited, and also contamination with impurities such as carbon or halogen, etc., is liable to cause if 
decomposition of starting material is insufficient, thus having the drawback that controllability of doping is 
poor. Also while, depending on the application use of a deposited film, it is desired to effect bulk production 
with reproducibility with full satisfaction in terms of enlargement of area, uniformization of film thickness as well 
as uniformness of film quality and yet at a high speed film formation, under the present situation no technique 

40 which enables bulk production with maintaining practical characteristics satisfying the above demands has 
been established yet. 

SUMMARY OF THE INVENTION 
A main object of the present invention is to provide a method for forming a crystalline deposited film which 
45 has overcome the problems of the prior art as described above. 

Another object of the present invention is to provide a method for forming a crystal of good quality such as 

single crystal containing no grain boundary or a polycrystal controlled in grain boundary, etc., without 

restriction with respect to the base materials, for. example, without restriction with respect to materials, 

constitutions, sizes, etc., of the substrate. 
50 Still another object of the present invention is to provide a method for forming the above crystal with good 

efficiency according to simple steps without use of a special device. 
Still another object of the present invention is to provide a method for forming a deposited film which is easy 

in control of film quality simultaneously with saving energy and can give a crystalline deposited film having 

desired characteristics uniformly over a large area and excellent in semiconductive characteristics. 
55 A further object of the present invention is to provide a method for forming a deposited film which is 

excellent in productivity and bulk productivity and can form simply and efficiently a crystalline deposited film 

having high quality and excellent physical characteristics such as electrical, optical or semiconductive 

characteristics, etc. 

According to the present invention, there is provided a method for forming a crystalline deposited film, 
60 which comprises introducing. an active species (A) formed through decomposition of a compound containing 
silicon and a halogen and an active species (B) formed from a chemical substance for film formation having a 
property of effecting chemical mutual reaction with said active species (A) into a film forming space in which a 
substrate having a free surface with a nonnucleation surface (Snds) with smaller nucleation density and a 
nucleation surface (Sndl) having sufficiently small area for crystal growth from only a single nucleus and 
65 having greater nucleation density (NDl) than the nucleation density (NDs) of said nonnucleation surface 
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(Snds) being arranged adjacent thereto is previously arranged, thereby forming a single crystal on said 
nucleation surface (Sndl) and permitting a single crystal to grow from said nucleus. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The method for forming a deposited film of the present invention having the above constitution has one 5 
specific feature in forming a deposited film by use of active species without utilizing plasma reaction while the 
plasma CVD method of the prior art forms plasma discharging by permitting discharging energy, etc.. to act on 
starting gases for formation of a deposited film, and therefore, the present method is not subjected to any bad 
influence by etching or abnormal discharging, etc., during film formation will not be raised. 

Also, the method for forming a deposited film of the present invention utilizes the reaction of an active 10 
species (A) obtained by decomposing a compound (SX) containing silicon and a halogen which contains 
constituent elements of a deposited film with an active species (B) formed from a chemical substance and 
requires no high temperature for deposition, and therefore there is no disturbance of structure by heat, and no 
heating installation during production and no expense accompanied with running thereof are required, 
whereby a device can be made lower in cost. And, it becomes possible to select the substrate material from a 15 
wide scope of materials without depending on heat resistance. 

Also, the method for forming a deposited film of the present invention forms a deposited film according to 
the reaction between an active species (A) and an active species (B) and enlargement of area is facilitated not 
depending on the shape and the size of the substrate, and at the same time starting materials employed may 
be very small in amounts, whereby the film forming space can be made smaller to improve dramatically the 20 
yield. ( 

Also, according to the method for forming deposited film of the present invention, the size of the crystal 
grain can be determined by arranging the nucleus for crystal growth as desired on the substrate, whereby a 
crystalline deposited film having characteristics suited for the purpose can be deposited at any desired region. 

Also, according to the method for forming deposited film of the present invention with the constitution as 25 
described above, it becomes possible to form a good crystalline deposited film having uniform film quality and 
characteristics over a large area with easy control of film quality simultaneously with energy saving in formation 
of deposited film. Further, a crystalline deposited film of high quality with excellent characteristics such as 
electrical, optical, semiconductor characteristics can be obtained efficiently with excellent productivity and 
bulk productivity. 30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph for illustration of the relationship between the size of nucleus rc and free energy G in 

the process of forming thin film ; 

Figs. 2(A) and 2(B) are illustrations of the selective deposition method; 35 
Fig. 3 is a graph showing the change with lapse of time of nucleation density (ND) on the deposition 

surface of Si02 and the deposition surface of silicon nitride; 
Figs. 4(A) to 4(D) are illustraions of the formation steps showing a first embodiment of the method for 

forming crystal according to the present invention; 
Figs. 5(A) and 5(B) are perspective views of the substrate in Figs. 4(A) and 4(D) ; 40 
Figs. 6(A) to 6(D) are illustrations of the steps for forming crystal showing a second embodiment of the 

present invention; 

Figs. 7(A) to 7(D) are illustrations of the formation steps showing a third embodiment of the method for 

forming single crystal according to the present invention; 
Figs. 8(A) and 8(B) are perspective views of the substrates in Figs. 7(A) and 7(D) ; 45 
Figs. 9(A) to 9(D) are illustrations of the steps for forming crystal showing a fourth embodiment of the 

present invention; 

Figs. 10(A) to 10(C) are illustrations of formation steps showing a fifth embodiment of the method for 
forming crystal according to the present invention ; 

Figs. 1 1 (A) and 1 1 (B) are perspective views of the substrates in Figs. 10(A) and 10(C) ; 50 

Figs. 12(A) to 12(C) are illustrations of the formation steps of crystal showing a sixth embodiment of the 
present invention; - ni 

Figs. 13(A) to 13(C) are illustrations of the formation steps of crystal showing a seventh embodiment of 
the present invention ; 

Fig. 14 is a schematic sectional view showing an example of the multi-layer structure by use of the first 55 
embodiment of the present invention ; 

Figs. 15(A) to 15(D) are illustrations of the steps for forming crystal showing an eighth embodiment of 
the present invention; 

Fig. 16 is a graph showing the relationship between the flow rate ratio of SiH4 and NH3 and the 
composition ratio of Si and N in the silicon nitride film formed ; $0 

Fig, 17 is a graph showing the relationship between Si/N composition ratio and nucleation density; 

Fig. 18 is a graph showing the relationship between the injected amount of Si ions and nucleations 
density; 

Figs. 19(A) to 19(D) are illustrations of the formation steps showing a ninth embodiment of the method 
for forming crystal according to the present invention ; $5 
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Figs. 20(A) and 20(B) are perspective views of the substrate in Figs. 19(A) and 19(D); 
Figs. 21 (A) to 21 (D) are illustrations of the steps for forming crystal showing a tenth embodiment of the 
present invention; 

Figs. 22(A) to 22(D) are illustrations of the formation steps showing an eleventh embodiment of the 
5 method for forming single crystal according to the present invention; 

Figs. 23(A) and 23(B) are perspective views of the substrates in Figs. 22(A) and 22(D) 
Figs. 24(A) to 24(C) are illustrations of the steps for forming crystal showing a twelfth embodiment of 
the present invention; 
Figs. 25(A) and 25(B) are pespective views of the substrates in Figs. 24(A) and 24(C) ; 
10 Figs. 26(A) to 26(D) are illustrations of the formation steps of crystal showing a thirteenth embodiment 

of the present invention; 

Fig. 27 is a schematic illustration of the film-forming device used in Examples of the present invention; 

Figs. 28(A) to 28(F) are diagrams of the film forming steps according to the present invention; 

Figs. 29(A) to 29(E) are diagrams of another film forming steps according to the present invention; 
/5 Fig. 30 is a schematic sectional view showing an example of the deposited film obtained on the specific 

substrate according to the present invention; and 

Fig. 31 is a schematic structural view of a TFT fabricated utilizing the deposition film obtained by the 
present invention. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the present invention, the activated species (A) from the activation space (A) should preferably be 
selected and used as desired from those having the life of 0.1 sec. or longer, more preferably 1 sec. or longer, 
optimally 10 sec. or longer, from the standpoint of productivity and easiness in handling, and the constituent 
elements of the active species (A) become the components constituting the deposited film formed in the fiim 

25 forming space. Also, the chemical substance for film formation is activated to become the active species (B) 
by the action of an activation energy in the activation space (B) before introduction into the film forming space, 
and introduced from the activation space (A) at the same time during formation of the deposited film to 
undergo chemical mutual reaction with the active species (A) containing constituent elements which become 
the constituent components of the deposited film formed. 

30 In the present invention, as the compound containing silicon and halogen to be introduced into the 
activation space (A) f there may be employed, for example, chain or cyclic silane compounds of which 
hydrogen atoms are partially or wholly substituted with halogen atoms, typically chain silicon halides 
represented by Si u Y2u+2(u is an interger of 1 or more, Y is at least one element selected from F, CI, Br and I) 
and cyclic silicon halides Si v Y2v (v is an integer of 3 or more, and Y has the same meaning as defined above), 

35 chain and cyclic ompounds represented by Si u H x Y y (u and Y have the same meaning as defined above, x 4- 
y = 2u or 2u + 2). 

Specific examples may include gaseous or readily gasifiable compounds such as SiF4. (SiF 2 )5t (SiF 2 )e, 
(SiF 2 )4. Si 2 F 6 , SiaFa, SiHF 3 . SiH 2 F 2 , SiCU, (SiCI 2 ) 5 . SiBr*. (SiBr 2 ) 5 . Si 2 CI 6 . Si 2 Br 6f SiHCIa, SiH 2 CI 2 , SiH 3 CI, 
SiHBr3, SiHb. Si 2 Cl3F3, and the like. 

40 For formation of the activated species (A), in addition to the above compound containing silicon and 
halogen, other silicon compounds, simple substance of silicon, hydrogen, halogen gases (e.g. F 2 gas, Cl 2 gas, 
gasified Br2, l 2 , etc.) can be used in combination, if desired. 

In the present invention, as the method for forming activated species (A) in the activation space (A), there 
may be employed various, activation energies such as electrical energies, including microwave, RF. low 

45 frequency DC, etc., heat energies such as heater heating, IR-ray heating, etc., photoenergy, etc. in view of 
respective conditions and the device. 

As the above chemical substance for film formation for forming active species (B) in the activation space 
(B), hydrogen gas and/or halogen gases (e.g. F 2 gas, Cl 2 gas, gasified Br 2t l 2( etc.) may be advantageously 
used. Also, in addition to these chemical substances for film formation, for example, an inert gas such as 

50 helium, argon, neon, etc., may be employed. When a plural number of these chemical substances for film 
formation are employed, they can be previously mixed and introduced under gaseous state into the activation 
space (B), or alternatively these chemical substances for film formation may be fed individually from the 
respective independent feeding sources to be introduced into the activation space (B), or they can be 
introduced into the respective independent activation spaces to be individually activated. 

55 In the present invention, the proportion in amount of the above activated species (A) to the activated 
species (B) to be introduced into the film forming space may suitably be determined depending on the 
depositing conditions, the kind of the activated species, etc., but may preferably be 10 : 1 to 1 : 10, more 
preferably 8 : 2 to 4 : 6. 

Also, the deposited film formed according to the present invention can be doped with an impurity element 
60 so-called in the art of semiconductor during or after film formation. As the impurity element to be used, there 
may be employed, as p-type impurity, an element belonging to the group IIIA of the periodic table such as B, Al, 
Ga, In, Tl, etc. and, as n-fype impurity, an element belonging to the group VA of the periodic table such as N, P. 
As, Sb, Bi, etc. as suitable ones. Particularly. B. Ga, P and Sb are most preferred. The amount of the impurity to 
be doped may be determined suitably depending on the desired electrical and optical characteristics. 
65 As the substance containing such an impurity atoms as the component (substance for introduction of 
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impurity), it is preferable to select a compound which is gaseous under normal temperature and normal 
pressure, or gaseous at least under the conditions for formation of deposited film and can be readily gasified 
by a suitable gasifying device. Such compounds may include PH 3 , P2H4, PF3, PFs. PCI3, AsH 3l AsF 3) AsFs, 
AsCIa, SbH 3 , SbFs, BiH 3 , BF 3 , BCI 3 , BBr 3 , B 2 H 6l B4H10, B5H9, B5H11, B b Hio, B 6 Hi 2) AICI 3 , etc. The 
compounds containing impurity element may be used either singly or as a combination of two or more 5 
compounds. 

The substances for introduction of impurities may be directly introduced under gaseous state into the film 
forming space, or alternatively activated previously in the activation space (A) or the activation space (B) or a 
third activation space (C) before introduction into the film forming space. 

On the other hand, the dependency of growth speed upon face direction has been found during crystal 10 
growth of silicon or silicon containing materials. This may differ depending on the deposited film forming 
method or deposition conditions, but in the method of the present invention, the preferential order has been 
found to be (110) > (111) > (100). By suitable selection of the kind of substance (E) for etching and etching 
condition under this condition, the condition with stronger orientability of (110) > (111) > (100) can be 
realized. It is realized in the present invention to strengthen the above orientability and accelerate the growth 15 
speed, particularly by setting a portion for accelerating nucleation on the substrate. And, not only formation of 
polycrystalline deposited film with great grain size oriented only toward the (110) face is possible, but it is also 
possible to grow a single crystal by selecting the size, shape, interval, material, etc., of the nucleus. 

In the method of the present invention, for forming selectively a desired crystalline deposited film, it is 
necessary to arrange previously a material capable of forming selectively crystal nuclei in the form 20 
corresponding to the purpose regularly or irregularly scatteringly on the substrate surface. 

By utilizing the difference in nucleus formation density according to the kinds of the materials constituting 
the nucleation surfaces, by arranging the nucleation surfaces scatteringly with a desired pattern on the 
substrate, desired crystalline deposited film can be formed selectively. 

For example, a silicon single crystal covered with silicon oxide film to have the subbing silicon single crystal 25 
exposed, or a substrate with small growth of silicon crystals having silicon oingle crystal grains arranged 
thereon may be employed. Further, in place of the silicon crystal as described above, crystals different in kind 
from silicon may be also used as the nucleus, but the materials of these crycUls are required to satisfy the 
following conditions. 

1. The lattice constant of the crystalline material on the substrate surface should be identical with or 30 
very approximate to the lattice constant of the deposited film. 

2. The coefficients of thermal expansion of the crystalline material on the substrate surface and the 
deposited film should be identical with or very approximate to each other. 

Hence, as the material which should constitute the surface of a suitable substrate for obtaining a deposited 
film of crystalline Si, there may be included GaF2, 2nS t Yb, Mn 3 Ga, NaCoF 3 , Ni 3 Sn, Fe 3 C, NiTe x (x < 0.7), 35 
CoMn0 3l NiMn0 3( MaZn 3 , CuCI, AIP, Si, etc. 

Further, even when the above two conditions are not satisfied, by selecting the deposition conditions more 
adequately, a crystalline deposited film can be also obtained, and the method for forming deposited film of the 
present invention is not limited to the materials as described above. 

As the substrate to be used for obtaining Si crystal in the present invention, for example, those having Si 3 N4 40 
arranged scatteringly on Si02 film or those having S1O2 covered over Si 3 N4 film to have partially the subbing 
Si 3 N4 exposed may be employed. 

These substrates utilize the property of silicon crystal nuclei which are formed with ease on Si 3 N4 and with 
difficulty on Si0 2 , and in the method for forming deposited film of the present invention, both amorphous and 
crystalline materials can be used, provided that they have difference in difficulty and easiness in formation of 45 
nuclei. 

The substrate temperature (Ts) during film formation may be set suitably depending on the kind of the 
deposited film to be formed and the kind of the substrate used. 

For better understanding of the present invention, the general process for forming a thin film of metal for 
semiconductor is explained. 50 

When the deposition surface is made of a material different in kind from the flying atom, particularly an 
amorphous material, the flying atoms are diffused freely on the substrate surface, or again evaporated 
(released). And, as the result of collision mutually between the atoms, a nucleus is formed and when its size 
becomes the size rc (= -2a 0 /gv) at which its free energy G becomes the niaxjmum (critical nucleus), G is 
reduced and the nucleus continues to grow stably three-dimensionally to become shaped in an island. The 55 
nucleus with the size exceeding rc is called "stable nucleus", and unless otherwise particularly noted, 
"nucleus" in the following basic description of the present invention refers to this "stable nucleus". Also, 
among "stable nucleus", those with small r are called "initial nucleus". 

The free energy generated by formation'of nucleus is represented as follows: 

G = 47tf(0)(a o r 2 + 1/3 • gv • r3) 60 
\[0) = I/4 (2-3 cos 0 + cos 2 0) 
wherein, r : radius curvature of nucleus 
0 : contact angle of nucleus 
gv : free energy per unit deposition 

<jo • surface energy between nuciius and vacuum. 65 
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Fig. I shows the manner in which free energy G is changed. In the same Figure, the radius of curvature of the 
stable nucleus when free energy G is at the maximum value is rc. 

Thus, nuclei grow to become shaped in islands, and further grow whereby contact mutually between islands 
progresses until sometimes coalescence occurs and via a network structure, it becomes finally a continuous 
5 film to cover completely over the substrate surface. Following such a process, a thin film is deposited on the 
substrate. 

In the deposition process as described above, the density of nucleus formed per unit area of the substrate 
surface, the size of nucleus and the nucleation speed are determined depending on the state of the system of 
deposition, and particularly the interaction between the flying atoms and the substrate surface material is an 

10 important factor. Also, a specific crystal direction grows in parallel to the substrate due to anisotropy relative 
to the crystal surface of the interface energy at the interface between the deposited material and the substrate, 
and when the substrate is amorphous, the crystal direction within the substrate plane is not constant. For this 
reason, grain boundaries are formed by collision mutually between nuclei or islands, and particularly in the 
case of collision mutually between islands with some sizes or greater, grain boundaries are formed as such 

15 upon occurrence of coalescence. Since the grain boundaries formed are difficultly movable in the solid phase, 
the grain sizes are determined at that point. 

Next, the selective deposition method for forming a deposited film selectively on the deposition surface is to 
be described. The selective deposition method is a method in which a thin film is formed selectively on the 
substrate by utilizing the differences between the materials in factors influencing nucleus formation in the thin 

20 film forming process such as surface energy, attachment coefficient, release coefficient, surface diffusion 
speed, etc. 

Figs. 2A and 2B are illustrations of the selective deposition method. First, as shown in Figure 2A, on the 
substrate I, a thin film 2 comprising a material different in the above factors from the substrate I is formed at a 
desired portion And, when deposition of a thin film comprising an appropriate material is effected under 

25 appropriate deposition conditions, a thin film 3 grows only on the thin film 2, whereby rt is possible to give rise 
to a phenomenon that no growth occurs on the substrate I. By utilizing this phenomenon, the thin flim 3 formed 
serf-matchingly can be grown, whereby it becomes possible to omit the lithographic step by use of a resist as 
practiced in the prior art. bn 
As the material for enabling deposition according to such selective formation method, for example, Si02 

30 may be used as the substrate I, Si. GaAs, silicon nitrode as the thin film 2 and Si, W, GaAs, InP, etc., as the thin 
film 3 to be deposited. 

Fig. 3 is a graph showing the change with lapse of time of nucleation density (ND) on the deposited surface 
of Si02 and the deposited surface of silicon nitride. 

As shown in the same graph, soon after initiation of deposition, the nucleation density (ND) on Si02 is 
35 saturated at I0 3 cm- 2 or less, and the value is not substantially changed even after 20 minutes. 

In contrast, on silicon nitricje (Si3N4). it is once saturated at about 4 x I0 5 cm- 2 or less and not substantially 
changed for 10 minutes thereafter, but is abruptly increased thereafter. This measurement example shows the 
case in which SiCU gas is diluted with H2 and deposited according to the CVD method under the conditions of 
a pressure of I70 Torr and a temperature of I000 °C. 
40 Such a phenomenon depends greatly on the difference in adsorption coefficient, release coefficient, surface 
diffusion coefficient, etc., relative to Si of the material surfaces of Si02 and silicon nitride, but the fact that S102 
itself is etched by the reaction of Si02 with Si atom itself to form silicon monooxide with higher vapor pressure, 
while no such etching phenomenon occurs on silicon nitride may be also considered to be a cause to effect 
selective deposition (T. Yonehara, S. Yoshioka, S. Miyazawa, Journal of Applied Physics 53, 6839, (I982)). 
45 Thus, by selecting Si02 and silicon nitride as the materials of the deposition surface and silicon as the 
material to be deposited, sufficiently great nucleation density difference (AND) as shown in the same graph 
can be obtained. Here, although S1O2 is desirable as the material for the deposition surface, this is not 
limitative and sufficiently practical nucleation density difference (AND) can be obtained even by use of SiO x (0 
< x < 2). 

50 Of course, the present invention is not limited to these materials, but the difference in nucleation density 
(AND) may be sufficientiy 7 .l0 3 -fold or more in density of nuclei as shown by the same graph, and sufficient 
selective formation of deposited film can be done with the materials as exemplified below. 

As another method for obtaining this nucleation density difference (ND), ions of Si, N, etc., may be injected 
locally into the Si02 surface to form a region having excessive Si or N. 
55 The present invention utilizes selective deposition based on such nucleation density difference (AND) and, 
by forming a sufficiently minute region of a different kind of material having sufficiently greater nucleation 
density than the material of the deposition surface, so that a single nucleus may grow on the region, a single 
crystal is to be grown selectively only at the site where such fine different kind of material exists. 
In this connection, since selective growth of a single crystal is determined depending on the electron state 
60 of the crystal formation surface, particularly the state of dangling bonds, the material with higher nucleation 
density (for example, S13N4) js not required to be a bulk material, but it may also be formed as a thin film on the 
surface of base plate of anyj desired material to form the above crystal formation surface. 
In the following, the present invention is described in detail by referring to the drawings. 
Figs. 4A - 4D are illustrations of the formation steps showing a first embodiment of the method for forming 
65 crystal according to the present invention, and Figs. 5A and 5B are perspective views corresponding to 
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Figs. 4A and 4D. 

First, as shown in Fig. 4A and Fig. 5A, on the substrate 4, a thin film 5 non-nucleation surface (Snds) with 
small nucleation density which enables selective deposition is formed and a material different from the material 
forming the thin film 5 with smaller nucleation density is deposited thinly, followed by patterning according to 
lithography, etc., to form sufficiently finely nucleation surface 6 (Sndl) (or called "Seed") comprising a different 5 
kind of material. However, the size, the crystal structure and the composition of the substrate 4 may be any 
desired ones, and a substrate having a functional device formed thereon prepared according to conventional 
semiconductor technique may be employed. Also, the nucleation surface (Sndl) 6 comprising a different kind 
of material is also inclusive of modified regions having excessive Si or N formed by ion injection of Si or N into 
the thin film 5 as described above. 10 

Next, by selection of appropriate deposition conditions according to the FOCVD method, a crystalline 
deposited film is formed. That is, a single nucleus of a thin film material is firstly formed only on the nucleation 
surface (Sndl) 6. The size of the nucleation surface (Sndl) 6, which may differ depending on the kind of the 
material, may be several microns or less. Further, the nucleus grows while maintaining a single crystal 
structure to become a single crystal grain 7 in shape of an island as shown in Fig. 4(B). For forming an 15 
island-shaped single crystal grain 7, it is desirable to determine the conditions so that no nucleation may occur 
at all on the thin film 5, as already mentioned. 

The island-shaped single crystal grain 7 further grows while maintaining the single crystal structure with the 
nucleation surface (Sndl) 6 as the center (lateral overgrowth), whereby it can cover over the whole surface of 
the thin film 5 as shown in the same Figure (C) (single crystal 7A). 20 

Subsequently, if necessary, the single crystal 7A is flattened by etching or polishing, and a single crystal 
layer 8 capable of forming a desired device can be formed on the thin film 5 as shown in Fig. 4(D) and Fig. 5(B). 

Thus, due to formation of the thin film 5 for forming the non-nucleation surface (Snds) on the substrate 4, 
any desired material can be used for the substrate 4 which is the supporting member. Further, in such a case, 
even when the substrate 4 may be one having a functional device, etc., formed thereon according to 25 
conventional semiconductor technique, the single crystal layer 8 can be easily formed thereon. 

In the above embodiment, the non-nucleation surface (Snds) is formed of thin film 5, but a substrate 
comprising a material with small nucleation density (ND) enabling selective nucleation may be used as such 
and nucleation surfaces (Sndl) may be provided at any desired positions to form single crystal layers similarly 
thereon. 30 

Figs. 6(A) - 6(D) are illustrations of the steps for forming crystal showing a second embodiment of the 
present invention. As shown in these figures, on a substrate 9 comprising a material with small nucleation 
density (ND) enabling selective nucleation, the nucleation surface (Sndl) comprising a material with great 
nucleation density (ND) can be formed sufficiently minutely to form a single crystal layer 8 similarly as in the 
first embodiment 35 

Figs. 7(A) - 7(D) are illustrations of the formation steps showing a third embodiment of the method for 
forming crystal according to the present invention, and Figs. 8(A) and 8(B) are perspective views 
corresponding to Figs. 7(A) and 7(D). 

As shown in Fig. 7(A) and Fig. 8(A), on the amorphous insulating substrate 1 1 , with an interval of a distance 
£, nucleation surfaces (Sndl) 12-1, 12-2, of a material different from the substrate 11 enabling the above 40 
selective nucleation are arranged sufficiently finely. The distance £ is set equal to the size of the single crystal 
region required for formation of semiconductor device or group of devices or greater. 

Next, by selecting appropriate crystal forming conditions, on the nucleation surfaces (Sndl) 12-1, 12-2, only 
a nucleus of a crystal forming material is formed. That is, the nucleation surfaces 12-1, 12-2, are required to be 
formed to a sufficiently fine size (area) to the extent that only a single nucleus may be formed. The size of the 45 
nucleation surfaces (Sndl) 12-1, 12-2, which may be different depending on the kind of the material, may be 
several microns or less. Further, the nucleus grows while maintaining the singie crystal structure, and become 
island-shaped single crystal grains 13-1, 13-2, as shown in Fig. 7(B). For forming island-shaped single crystal 
grains 13-1, 13-2, it is desirable to determine the conditions so that substantially no nucleation may occur at all 
on other surfaces than the nucleation surfaces (Sndl) on the substrate 11. 50 

The crystal direction in the normal line direction of the substrate 1 1 of the island-shaped single crystal grains 
13-1 , 13-2 is determined so as to make the interface energy of the material of the substrate 1 1 and the material 
forming nucleus minimum. For, surface or interface energy has anisotropy depending on the crystal face. 
However, as already mentioned, the crystal direction within the substrate plane in amorphous substrate is not 
determined. 55 

The island-shaped single crystal grains 13-1 , 13-2 further grow to become single crystals 13A-1, 13A-2, until 
the adjacent single crystals 13A-1, 13A-2, contact each other as shown in Fig. 7(C), but since the crystal 
directions within the substrate plane are not constant, a crystal grain boundary 14 is formed at the intermediate 
position between the nucleation surfaces (Sndl) 12-1 and 12-2. 

Subsequently, the single crystals 13A-1 , 1 3A-2 grow three-dimensionally, but crystal faces with slow growth 60 
speed appear as the facet. For this reason, the surfaces of single crystals 13A-1, 13A-2 are flattened by 
etching or polishing, and further the portion of the grain boundary 14 is removed to form thin films of single 
crystals 15-1, 15-2,... containing no grain boundary in shape of lattices as shown in Fig. 7(D) and Fig. 8(B). The 
size of the single crystal films 15-1, 15-2, ... is determined by the interval 1 between the nucleation surfaces 
(Sndl) 12A-1, 12A-2, as described above. That is, by determining appropriately the formation pattern of the 65 
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nucleation surface (Sndl) 12A-1, 12A-2, the position of the grain boundary can be controlled to form single 
crystals with desired sizes at a desired arrangement 

Fig. 9(A)-(D) are illustrations of the formation steps of crystal showing a fourth embodiment of the present 
invention. As shown in these Figures, similarly as described in the first embodiment on a desired substrate 4 is 
5 formed a thin film non-nucleation surface (Snds)5 comprising a material with small nucleation density (ND) 
enabling selective nucleation is formed, and nucleation surfaces (Sndl) 12 comprising a different kind of 
material with greater nucleation density (ND) are formed with an interval £ thereon, and a single crystal layer 15 
can be formed in the same manner as in the above third embodiment. 

Figs. 10(A) - 10(C) are illustrations of the formation steps showing a fifth embodiment of the method for 
10 forming crystal according to the present invention, and Figs. 11(A) and 11(B) are perspective views of the 
substrates in Figs. 10(A) and 10(C). 

First, as shown in Fig. 10(A) and Fig. 11(A), concavities 16 with desired size and shape are formed on the 
amorphous insulating substrate 11, and nucleation surfaces (Sndl) 12 with sufficiently fine size for forming 
only single nucleus are formed therein. 
15 Subsequently, as shown in Fig. 10(B), island-shaped single crystal grains 13 are grown similarly as in the first 
embodiment. 7; 

And, as shown in Fig. 10(C) and Fig. 1 1(B), single crystal grains 13 are grown until embedding the concavity 
16 to form a single crystal' layer 17. 
In this embodiment, since single crystal grains 13 grow within the concavity 16, the steps of flattening and 
20 removing the grain portion may be unnecessary. 

Fig. 12(A)-(C) are illustrations of the formation steps of crystal showing a sixth embodiment of the present 
invention. As shown in these Figures, on any desired substrate 4 similarly as in the first embodiment, a thin film 
non-nucleation surface (Snd's) 18 comprising a material with small nucleation density(ND) enabling selective 
nucleation is formed, and concavities 16 with desired size and shape are formed thereon, and, within the 
25 concavities are formed minutely nucleation surfaces (Sndl) 12 comprising a material with greater nucleation 
density (ND) which is different from the material forming the nonnucleation surface (Snds), and single crystal 
layers 17 are formed in the same manner as in the fifth embodiment. 

Fig. 13(A)-(C) are illustrations of the formation steps of crystal showing a seventh embodiment of the 
present invention. After formation of concavities on a desired substrate, a thin film nonnucleation surface 
30 (Snds)20 comprising a material with sufficiently small nucleation density (ND) enabling selective nucleation is 
formed, and following the same procedure as in the above embodiments, single crystal layers 17 can be 
formed. 

Fig. 14 is a schematic sectional view showing an example of the semiconductor electronic device with a 
multi-layer structure produced by use of the first embodiment of the present invention. 
35 In Fig. 14 on the semiconductor substrate 1401 such as Si or GaAs, transistors 1402 or other semiconductor 
devices or optical devices are formed, and Si02 layer 1403 having a surface for formation of, for example, 
nonnucleation surface (Snds) 1404 is formed thereon according to the CVD method or the sputtering method. 
And, as already mentioned; a thin film 1406 having nucleation surfaces (Sndl) 1405 having sufficiently minute 
areas so that only a single;nucleus are formed of, for example, Si3N4, and a single crystal is grown from said 
40 nucleation surface (Sndl)!;14Q5 to form an Si single crystal layer 1407. 

Subsequently, on the single crystal layer 1407 are formed transistors 1408 or other semiconductor devices 
or optical devices, and thel devices formed respectively on the substrate 1401 and the Si single crystal layer 
1407 are electrically connected through the Si02 layer 1403. Thus, for example, by forming the transistor 1402 
of the first layer (substrate -1401) and the transistor 1408 of the second layer (single crystal layer 1404) 
45 respectively as the MOS transistors, and connecting these to form CMOS, a CMOS entirely free from mutual 
interaction can be produced. Also, according to the technique as described above, an electroluminescent 
device can be also formed integrated with its driving circuit to accomplish a high degree of integration. 

Further* by repeating this embodiment, single crystal layers 1407 can be formed in many layers with Si02 
layer 1403 sandwiched therebetween, whereby a semiconductor electronic device with a multiple structure 
50 can be formed easily. 

Figs. 15(A)-15(D) are illustrations of the steps for forming crystal showing an eighth embodiment of the 
present invention. 

Figs. 15(A)-15(C) are the same as Figs. 7(A) -7(C). That is, a plurality (two in the figure) of nucleation 
surfaces 12 are formed with an interval of £. and single crystal grains 13 subjected to overgrowth on the 

55 nucleation surfaces 12 are formed. By permitting the single crystal grains 13 to further grow to form single 
crystals 13A, a grain boundary 14 is formed approximately at the center between the nucleation surfaces 
(Sndl) 12, and by flattening the surface of single crystal 13A, a polycrystalline layer 21 with regular grain sizes 
which are approximately equal to £ as shown in Fig. 15(D) can be obtained. 

Since the grain size of the polycrystalline layer 21 is determined by the interval £ between the nucleation 

60 surfaces (Sndl) 12, it becomes possible to control the grain size of the polycrystal. In the prior art, the grain 
size of a polycrystaJ was changed by a plural number of factors such as the formation method, formation 
temperature, etc., and also when preparing a polycrystal with large grain size, it had a grain size distribution 
with a considerable width. However, according to the present invention, the grain size and grain size 
distribution can be determined with good controllability by the interval £ between the nucleation surfaces 12. 

65 Of course, as shown in; Fig. 9, the above polycrystal layer 21 may be formed by forming a non-nucleation 
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surface (Snds) 5 with small nucleation density (ND) on a desired substrate 4 and nucleation surfaces (Sndl) 
12-1, 12-2 with greater nucleation density (ND). In this case, as already mentioned, the substrate material and 
structure are not limited, but the polycrystal layer 21 can be formed by controlling the grain size and the grain 
size distribution. 

Next, the specific method for forming a single crystal layer or a polycrystal layer in the above respective 
embodiments is described in more detail by referring primarily to the third embodiment shown in Fig. 7 and the 
eighth embodiment shown in Fig. 15. 

By thermal oxidation of an Si single crystal wafer to form an Si02 layer on the surface, a substrate 11 is 
obtained with its surface being formed into non-nucleation surface (Snds). Of course, a quartz substrate 
which is a material with small nucleation density (ND) can be also used as the substrate 11, or alternatively 
non-nucleation surface (Snds) may be provided by forming Si02 layer on the surface of any desired base 
substrate such as metal, semiconductor, magnetic material, piezoelectric material, insulator, etc., by use of 
the sputtering method, the CVD method, the vacuum vapor deposition method, etc. Also, as the material 
forming non-nucleation surfaces (Snds). Si02 is desirable, but SiO x (0 < x < 1) with the value of x being 
varied may be also employed. 

On the S1O2 layer of the substrate 1 1 having Si02 layer thus formed on the surface is deposited as silicon 
nitride layer (e.g. Si3N4 layer) or a polycrystalline silicon layer according to the reduced pressure chemical 
vapor deposition method, and subsequently the silicon nitride layer or polycrystalline silicon layer is subjected 
to patterning according to conventional lithographic technique or lithographic technique by use of X-ray, 
electron beam or ion beam, whereby nucleation surface (Sndl) 12 having fine area of preferably 10 \im or less, 
more preferably several micron or less, optimally about 1 \im or less. 

Subsequently, for example, by the selective use of a suitable gas among the abovementioned gases and 
according to the FOCVD method, for example an Si single crystal is selectively grown on the above substrate 
11. 

In this procedure, the substrate temperature, pressure, etc., may be conveniently determined, but the 
substrate temperature may be preferably 100 to 600 °C. 

Within a time of about some 10 minutes, by selection of optimum growth conditions, grains 13 of single 
crystals of Si grow on the nucleation surfaces (Snds) 12 comprising silicon nitride layer or polycrystalline 
silicon layer on the Si02 layer as the center, and grow to sizes of some 10 p.m or more. 

Subsequently, by the reactive ion etching (RIE) method utilizing the etching speed difference between Si 
and Si02, the surfaces of the single crystals 13A are flattened by selective etching of only Si, whereby a 
polycrystalline silicon layer 21 controlled in grain size can be formed (Fig. 15(D)). Further, by removing the 
grain boundary portion, island-shaped single crystalline silicon layers 15-1, 15-2 are formed (Fig. 7(D)). If 
unevenness on the surface of the single crystal grains 13A-1, 13A-2 are large, mechanical polishing may be 
conducted before etching. 

When electrical field effect transistors are formed according to conventional semiconductor device 
preparation technique on the single crystal silicon layers 15 thus formed with a size of some 10 jim or more 
containing no grain boundary, characteristics not inferior to that formed on single silicon wafer are exhibited. 

Also, mutual interference between the adjacent single crystal silicon layers can be prevented, if they are 
electrically separated by an electrical insulator such as Si02, even if a complementary type electrical field 
effect transistor (C-MOS) may be constituted. 

Also, since the thickness of the active layer of the device formed is thinner than the case when employing Si 
wafer, there is no erroneous actuation by the charges generated when radiation is irradiated. Further, due to 
lowering in unwanted capacity, speed-up of the device can be effected. Also, since any desired substrate can 
be used, a single crystal layer can,be formed on a substrate of large area at lower cost than when employing Si 
wafer. Further, since a single crystal layer can be formed also on other semiconductors, piezoelectric 
materials, dielectric materials, etc., a multi-functional three-dimensional integrated circuit can be realized. 
Thus, the present invention exhibits a number of excellent effects. 

(Composition of silicon nitride) 

For obtaining sufficient nucleation density difference (AND) between the material (Ms) for formation of 
non-nucleation surface (Snds) and the material (Ml) for formation of nucleation surface (Sndl) as described 
above, for polycrystalline silicon or Si02 as the material for formation of non-nucleation surface (Snds) to be 
used in combination, the material for formation of nucleation surface (Sndl) is not limited to Si3N4, but silicon 
nitrides with various chemical composition ratios may be employed. 

The chemical composition ratio of silicon nitride may be varied e.g. as follows. 

In the plasma CVD method for forming silicon nitride film at low temperature by decomposition of Sim gas 
and NH3 gas in RF plasma, by varying the flow rate ratio of SihU gas and NH3 gas, the composition ratio of Si 
and N in the deposited silicon nitride film can be varied to a great extent. 

Fig. 16 is a graph showing an example of the relationship between the flow rate ratio of SihU and NH3 and the 
composition ratio of Si and N in the silicon nitride film formed. 

The deposition conditions at this time were RF output of 175 W, substrate temperature of 380 °C and the 
flow rate of NH3 gas was varied with the Sim gas flow rate being fixed at 300 cc/min. As shown in the same 
graph, by varying the gas flow rate ratio of NHs/SihU from 4 to 10, the Si/N ratio in the silicon nitride film was 
found to be varied from 1.1 to, 0.58 according to Auger's electron spectrophotometry. 
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On the other hand, the composition of the silicon nitride film formed according to the reduced pressure CVD 
method by introducing S1H2CI2 gas and NH3 gas under the conditions of a reduced pressure of 0.3 Torr and a 
temperature of about 800 °C was found to be Si3N4 (Si/N = 0.75) which is approximately the stoichiometric 
ratio. 

5 Also, the silicon nitride film formed by heat treatment of Si at about 1200 °C in ammonia or N2 (hot 

nitrification method) can be obtained with a composition further approximate to the stoichiometric ratio, since 

the formation method is performed under thermal equilibrium. 

By use of silicon nitrides formed by the various methods as described above as the material for forming 

nucleation surface (Sndl) with higher nucleation density than Si02, the above nucleus of Si can be grown on 
10 the nucleation surface (Sndl) comprising silicon nitride to form Si single crystal based on the nucleation 

density (AND) corresponding to the chemical composition ratio of silicon nitride. 

Fig. 17 is a graph showing the relationship between Si/N composition ratio and nucleation density (ND). As 

shown in the same graph, by varying the chemical composition ratio of the silicon nitride film, the nucleation 

density of the Si single crystal nucleus formed thereon changes to a great extent The nucleation conditions in 
15 the graph shown in Fig. 17 correspond to the case when Si single crystal nucleus was formed by reacting SiCU 

gas reduced to 175 Torr with H2 at 1000° C. Of course, another graph will be obtained if nucleation conditions 

such as gas species, pressure, temperature, etc., are changed. 
The phenomenon that the nucleation density thus changes according to the chemical composition ratio of 

silicon nitride affects the size (area) of the nucleation surface (Sndl) when employing silicon nitride as the 
20 material for forming the nucleation surface (Sndl) which is formed sufficiently finely to the extent that a single 

nucleus may be grown. That is, when employing silicon nitride having a composition with great nucleation 

density (ND) only a single crystal can be formed on the nucleation surface (Sndl) by forming the nucleation 

surface (Sndl) extremely finely as compared with the silicon nitride with relatively smaller nucleation density 

(ND). 

25 Such a point is applicable as a similar tendency for other materials for forming nucleation surface (Sndl). 
Accordingly, in the present invention, for accomplishing its objects effectively, it is desirable to select a 
nucleation density (ND) and- a size of nucleation surface (Sndl) formed of silicon nitride, etc., capable of 
forming only a single crystal suitably as desired. For example, under the nucleation condition for obtaining a 
nucleation density (ND) of about 10 s cm- 2 , it is possible to form selectively only a single nucleus, if the size of 

30 the nucleation surface (Sndl) comprising silicon nitride is about 4 um or less. The Si/N ratio in that case is 
about 0.5. . 

(Formation of nucleation surface (Sndl) by ion injection) 
As another method for realizing nucleation density difference (AND) when forming Si single crystal nucleus, 
35 ion injection of Si, N, P, B ( F t Ar, He, C, As, Ga. Ge, etc., may be effected locally onto the S1O2 surface which is a 
material for forming non-nucleation surface (Snds) with smaller nucleation density to form a modified region 
with a desired size on the surface of the Si02 layer, and utilize this modified region as the nucleation surface 
(Sndl) with greater nucleation density (ND). 
For example, the Si02 layer surface is covered with a photoresist layer and the desired portions are 
40 exposed, developed, and dissolved to have the Si02 layer surface exposed. 

Subsequently, by use of SiF4 gas as the source gas, Si ions are implanted onto the Si02 layer surface 
portion exposed at 10 keV at a density of 1 x 10 16 - 1 x 10 18 cm- 2 . The projected flying distance in this case 
is 114 A t and the Si concentration on the exposed surface of Si02 layer reaches about 10 22 cm- 3 . Since the 
Si02 layer is originally amorphous, the modified region made excessively enriched in Si by injection of Si ions is 
45 also amorphous. 

For formation of a modified region, ion injection can be effected with the use of a resist as the mask, but it is 
also possible to inject a narrowed Si ion beam selectively at a desired position on the Si02 layer surface within 
a desired area without use- of a resist mark by use of converged ion beam technique. 

After having thus effected Si ion injection, by peeling of the resist on the remaining portion, Si excessive 
50 modified region is formed in the Si02 layer surface portion at a desired position with a desired size. On the 
modified region of the SiO^. layer surface portion having such modified region formed, Si single crystal is 
permitted to grow in vapor phase. 

Fig. 18 is a graph showing the relationship between the injected amount of Si ions and the nucleation density 
(ND). 

55 As shown in the same graph, it can be understood that nucleation density (ND) is increased as the Si+ 
injected amount is more. 

Therefore, by forming this modified region sufficiently finely, only single nucleus of Si can be permitted to 
grow with this modified region as the nucleation surface (SnDl). whereby a single crystal can be grown as 
described above. 

60 Formation of the modified region to a sufficiently fine size to the extent for growth of only a single nucleus 
can be accomplished easily by patterning of a resist, or narrowing of the beam of converged ion beam. 

Figs. 19(A) - 19(D) are illustrations of the formation steps showing a 9th embodiment of the method for 
forming crystal according to the present invention, and Figs. 20(A) and 20(B) are perspective views 
corresponding to Figs. 19(A) and 19(D). 

65 First, as shown in Fig. 19(A) and Fig. 20(A), on the base substrate 4 is formed a thin film 6 (or called "Seed") [ 
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forming nucleation surface (Sndl)6A ] with greater nucleation density enabling selective nucleation, on which 
a material different from the material forming the thin film 6 with greater nucleation density is thinly deposited, 
followed by patterning according to lithography, etc., to form a thin film 5 comprising a different material and 
forming nonnucleation surface (Snds)5A so as to provide sufficiently finely nucleation surfaces (Sndl)6A. 
However, the size, the crystal structure, and composition of the base substrate 4 may be chosen as desired, 5 
and it may be also a substrate having a functional device prepared according to conventional semiconductor 
technique formed thereon. Also, the nucleation surface (Sndl)6A comprising a different material may be also 
formed as a modified region containing excessive Si, N or the like which may be formed by forming a thin film 6 
beneath the Si02 thin film 5 of a polycrystalline silicon or Si02, and injecting ions of Si, N or the like into the 
exposed portions 6A. 10 

Next, by selection of appropriate desposition conditions, a single nucleus of a crystal formation material is 
formed only on the nucleation surface (Sndl)6A. That is, the nucleation surface (Sndl)6A is required to be 
formed sufficiently minutely so that only a single nucleus may be formed thereon. The size of the nucleation 
surface (Sndl)6A, which may differ depending on the kind of the material, may be several microns or less. 
Further, the nucleus grows while maintaining a single crystal structure to become a single crystal grain 7 in 15 
shape of an island as shown in Fig. 19(B). For forming an island-shaped single crystal grain 7, it is desirable to 
determine the conditions so that no nucleation may occur at all on the thin film 5A, as already mentioned. 

The island-shaped single crystal grain 7 further grows while maintaining the single crystal structure with the 
nucleation surface (Sndl)6A as the center (lateral over growth), whereby it can cover over the whole surface of 
the thin film 5 as shown in Fig. 19(C) (single crystal 7A). 20 

Subsequently, if necessary, the single crystal 7a is flattened by etching or polishing, and a single crystal 
layer 8 capable of forming a desired device can be formed on the thin film 5 as shown in Fig. 19(D) and 
Fig. 20(B). 

Thus, due to formation of the thin film 6 forming the nucleation surface (Sndl)6A on the substrate 4, any 
desired material can be used for the substrate 4 which is the supporting member. Further, in such a case, even 25 
when the substrate 4 may be ope having a functional device etc., formed thereon according to conventional 
semiconductor technique, the.single crystal layer 8 can be easily formed thereon. 

In the above embodiment, the nucleation surface (Sndl)6A is formed of thin film 6, but a substrate 
comprising a material with large nucleation density (ND) enabling selective nucleation may be used as such 
and non-nucleation surfaces (Snds) may be provided at any desired positions to form single crystal layers 30 
similarly thereon as shown in Fig. 21. 

Figs. 21(A) - 21(D) are illustration of the steps for forming crystal showing a second embodiment of the 
present invention. As shown in these figures on a substrate 9 comprising a material with large nucleation 
density (ND) enabling selective nucleation, a thin film 5 forming the non-nucleation surface (Snds)5A which 
comprises a material with small nucleation density (ND) can be formed so as to give exposed portions of the 35 
substrate 9 as nucleation surface (Sndl)9A sufficiently minutely to form a single crystal layer 8 by the use of 
said substrate similarly as in the first embodiment. 

Figs. 22(A) - 22(D) are illustrations of the formation steps showing a 11th embodiment of the method for 
forming crystal according to the present invention, and Figs. 23(A) and 23(B) are perspective views 
corresponding to Figs. 22(A) and 22(D). 40 

As shown in Fig. 22(A) and Fig. 23(A), on an appropriate base substrate 10 such as glass substrate, etc., an 
amorphous insulating thin film 12 with relatively greater nucleation density (ND) such as SiaN^ etc., is 
provided, and on said thin film 12 is formed selectively a thin film 11 at a desired position with a different 
material having smaller nucleation density relative to the material forming the thin film 12 which enables the 
above selective nucleation with an interval of a distance £, thereby arranging nucleation surfaces (Sndl)12A-1, 45 
12A-2 with sufficiently small areas so as to form only single nucleus thereon. This distance £ may be set at a 
size which is equal to or greater than the size of the single crystal region required for formation of a 
semiconductor device or a group of devices. 

Next, by selecting appropriate crystal forming conditions, on the nucleation surfaces (Sndl)12A-1, 12A-2 
only a nucleus of a crystal forming material is formed. That is, as described above, the nucleation surfaces 50 
12A-1 , 12A-2 are required to be formed to a sufficiently fine size (area) to the extent that only a single nucleus 
may be formed. The size of the:nucleation surfaces (Sndl)12A-1, 12A-2, which may be different depending on 
the kind of the material, may be. several microns or less. Further, the nucleus formed as above grows while 
maintaining the single crystal structure, and become island-shaped single crystal grains 13-1 , 13-2 as shown in 
Fig. 22(B). For forming island-shaped single crystal grains 13-1, 13-2, it is desirable to determine the 55 
conditions so that substantially no nucleation may occur at all on other surfaces than the nucleation surfaces 
(Sndl)12A-1, 12A-2 [ non-nucleation surface (Snds)11A ]. 

The crystal direction in the normal line d direction of the thin film 12 of the island-shaped single crystal grains 
13-1, 13-2 is determined so as to make the interface energy of the material of the film 12 and the material 
forming nucleus minimum. For, surface or interface energy has anisotropy depending on the crystal face. 60 
However, as already mentioned.^the crystal direction within the surface plane in amorphous surface is not 
determined. 

The island-shaped single crystal grains 13-1, 13-2 further grow to become single crystals 13A-1, 13A-2 until 
the adjacent single crystals 13A-1, 13A-2 contact each other as shown in Fig. 22(C), but since the crystal 
directions within the substrate plane vary from one single crystal to another, a crystal grain boundary 14 is 65 
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formed at the intermediate position between the nucleation surfaces (Sndl) 12-1 and 12-2. 

Subsequently, the single crystals 13A-1 , 1 3A-2 grow three-dimensiona!!y, but crystal faces with slow growth 
speed appear as the facet. For this reason, the surfaces of single crystals 13A-1, 13A-2 are flattened by 
etching or polishing, and further the portion of the grain boundary 14 is removed to form thin films of single 

5 crystals 15-1, 15-2, ... containing no grain boundary in shape of lattices as shown in Fig. 22(D) and Fig. 23(B). 
The size of the single crystal films 15-1, 15-2, ... is determined by the interval ^ between the nucleation surfaces 
(Sndl)12A-1, 12A-2 as described above. That is, by determining appropriately the formation pattern of the 
nucleation surface (Sndl) 12A-1, 12A-2, the position of the grain boundary can be controlled to form single 
crystal with desired sizes at a desired arrangement. 

10 Figs. 24(A) - 24(C) are illustrations of the formation steps showing a 12th embodiment of the method for 
forming crystal according to the present invention, and Figs. 25(A) and 24(B) are perspective views of the 
substrates in Figs. 24(A) and 24(C). 

First, as shown in Fig. 24(A) and Fig. 25(A), similarly as shown in the step (A) in Fig. 7, thin film 12 and 1 1 are 
provided on the base substrate 10 to form nucleation surfaces (Sndl)12A-1, 12A-2 and non-nucleation surface 

15 (Snds)1 1 A. Subsequently, so that concavities 14-1 . 14-2 with desired sizes and shapes may be provided at the 
corresponding positions to the nucleation surfaces (Sndl) 12A-1, 12A-2, a thin film 11-1 is formed with same 
material as the thin film 1 1a or a material having nucleation density equal to or smaller than said material. Thus, 
a substrate for formation of crystal having nucleation surfaces (Sndl)12A-1, 12A-2 with sufficiently fine sizes 
for forming only single nucleus within concavities 14-1, 14-2 is formded. 

20 Subsequently, as shown in Fig. 24(B), island-shaped single crystal grains 13-1 , 13-2 are grown similarly as in 
the first embodiment. 

And, as shown in Fig. 24(C) and Fig. 25(B), single crystal grains 13-1, 13-2 are grown until embedding the 
concavity 14-1, 14-2 to form a single crystal layer 15-1, 15-2. 

In this embodiment, since single crystal grains 13-1, 13-2 grow within the concavity 14-1, 14-2, the steps of 
25 flattening and remoing the grain portion may be unnecessary. 

Figs. 26(A) -26(D) are illustrations of the steps for forming crystal showing a 13th embodiment of the 
present invention. 

Figs. 26(A) - 26(C) are the same as Figs. 22(A) - 22(C). That is, a plurality (two in the Figure) of nucleation 
surfaces 12A-1, 12A-2 are formed with an interval of £, and single crystal grains 13-1, 13-2 subjected to over 
30 growth on the nucleation surfaces 12A-1, 12A-2 are formed. By permitting the single crystal grains 13-1, 13-2 
to further grow to form single crystals 13A-1 , 13A-2, a grain boundary 14 is formed approximately at the center 
between the non-nucleation surfaces (Snds)11A, and by flattening the surface of single crystal 13A-1, 13A-2, a 
polycrystalline layer 16 with regular grain sizes which are approximately equal to £_ as shown in Fig. 12(D) can 
be obtained. 

35 Since the grain size of the polycrystalline layer 16 is determined by the interval £ between the nucleation 
surfaces (Sndl) 12A-1, 12A-2, it becomes possible to control the grain size of the potycrystal. In the prior art, 
the grain size of a polycrystal was changed by a plural number of factors such as the formation method, 
formation temperature, etc:, : and also when preparing a polycrystal with large grain size, it had a grain size 
distribution with a considerable width. However, according to the present invention, the grain size and grain 

40 size distribution can be determined with good controllability by the interval £ between the nucleation surfaces 
(Sndl)12A-1, 12A-2. 

Of course, as shown in Fig. 21, a polycrystal layer may be formed as above by forming a thin film 5 having a 
non-nucleation surface (Snds)5A with small nucleation density (ND) on a desired substrate 9 and plural 
nucleation surfaces (Sndl)9A with greater nucleation density (ND) at desired positions and intervals. In this 
45 case, as already mentioned, the substrate material and structure are not limited, provided that the nucleation 
density difference (AND) is taken into consideration, but the polycrystal layer can be formed by controlling the 
grain size and the grain size distribution. 

Next, the present invention is described by referring to a typical example of the apparatus for forming a 
deposited film according to the process of the present invention. 
50 Fig. 27 is a partial sectional view showing schematic construction of an example of the device for forming 
deposited film in which the process of the present invention is practiced. 

In Fig. 27, 101 is a deposition chamber (film forming space) in which deposition of silicon thin film is effected, 
and the deposition chamber 101 is internally connected to an evacuation system not shown through an 
evacuation outlet 106, whereby the deposition chamber 101 can be maintained at a desired pressure. In the 
55 deposition chamber 101 , there are provided a set of the introducing pipe 102 for radicals (SX) containing e.g., 
silicon and a halogen which is the active species (A) and the introducing pipe 103 for e.g., hydrogen radicate as 
active species (B), respectively. The tips of the respective radical introducing pipes are thick at the acting 
chambers 108, 108A, and narrowed at the outlets 109, 109A. Within the deposition chamber 101, a substrate 
supporting member 104 is held by the roller 1 10 so as to be movable reciprocally in the direction perpendicular 
60 to the paper surface. And on said supporting member 104 is held a support 105 for deposition. The respective 
radicals coming out from the outlet 109, 109A are mixed and reacted with each other in the vicinity of the 
substrate within the deposition chamber 101 to form a film on the substrate 105. The radicals (SX) and 
hydrogen radicals are formed from the respective starting material gases in the active species forming 
chambers such as heating, furnaces or plasma chambers, etc., not shown, respectively, and thereafter 
65 introduced through the introducing pipes 102. 103. respectively into the acting chambers 108, 108A. Their 
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amounts are controlled by massflow controllers on the gas source side from the heating furnace or plasma 
chamber, 

Roller 110 is provided only for depositing silicon thin film over the whole surface of the substrate by moving 
the substrate 105. 

The introducing pipe 1 1 1 is an introducing pipe for another gas having chemical or physical etching activity 5 
(etching gas), and in some cases the etching gas is previously activated in the heating furnace or plasma 
furnace not shown and led to the outlet 114. From the outlet 114, the etching gas for attacking the film is 
released to cut or exclude selectively the bonds except in the growth direction of the characteristics of the 
film. Introduction of the etching gas, other than through such separate introduction pipes, can be also done 
through the introduction pipes 102, 103 mixed with a starting gases, when the reactivity with the starting gases w 
is low. 

The present invention is described in more detail by referring to Examples. 
Example 1 

By means of the film forming: device shown in Fig. 27, a deposited film according to the method of the 15 
present invention was prepared as described below. 

The substrate 118 was prepared according to the steps shown in Fig. 28. First, a poiycrystalline silicon 
substrate 201 as shown in Fig. 28(A) was washed and then a thin silicon oxide film 202 was depositee} on the 
whole surface of the substrate 201 according to the sputtering method (in this case, other than the sputtering 
method, various thin film deposition method, MBE method, CVD method, etc., may be employed). [Fig. 28(B)). 20 

Subsequently, an electron beam resist layer 203 was applied on the thin film 202 [-Fig. 28(C)], and the 
electron beam resist layer 203 was exposed to light by use of a photomask with a desired pattern, and the 
electron beam resist layer 203 was partially removed by development [Fig. 28(D)). 

With the residual electron beam resist 203A as the mask, the silicon oxide thin film 202 was etched to form a 
thin film 202A having a desired pattern [Fig. 28(E)). 25 

According to the steps as described above, a substrate 118 with certain crystal face of the poiycrystalline 
silicon 201 A being exposed at constant intervals from the silicon oxide film was obtained. 

The regions of the silicon crystals exposed on the surface of the substrate 118 has a diameter of 3 jim and 
an interval of 15 (xm. 

Next, by use of the device shown in Fig. 27, a crystalline silicon thin film was formed on the above substrate 30 
118. 

First, by use of Si2F6 as the starting gas for formation of radicals containing silicon and halogen, it was 
permitted to flow at a flow rate of 100 SCCM into the reaction furnace maintained at 800 °C to be decomposed 
therein, followed by release through the introducing pipe 102 into the acting chamber 108. At the same time Ar 
gas was permitted to flow through the introducing pipe 111 at a rate of 150 SCCM, and a microwave of 2.45 35 
GHz was introduced at a power of 1.0 w/cm 2 into said introducing pipe 103 to effect discharging and 
decompose H2, followed by release of the decomposed gas into the activating chamber 108 at a flow rate of 25 
SCCM. The substrate temperature was maintained at 330 °C and the pressure at 0.2 Torr. Thus yielding a 
deposited film of about 12 \im thick. 

Fig. 28(F) shows schematically,^ crosssection of the crystalline silicon deposited film 205 obtained on the 40 
substrate 118. t : 

The size of the crystal grairr ; 204 was determined so that the crystal grain bounderies 205 became 
equidistant from the exposed portions 201 A of the crystal substrate 201 at which the silicon oxide layer 202 
was removed. 

Next, when crystallinity of the silicon deposited film was evaluated according to the X-ray diffractometry and 45 
electron beam diffractometry by use of respective samples obtained, they were confirmed to be poiycrystalline 
silicon films. Further, the grain size^of the poiycrystalline silicon determined by the Scherrar method was about 
25 ±2 urn. The variance in crystal grain size was substantially negligible over the whole substrate. 

Also, when the surface state of the sample was observed by a scanning type electron microscope, the 
smoothness was found to be good without wavy pattern, etc., and the film thickness irregularity was ±40/0 or 50 
less. 

Also, when the mobility and electroconductivity of the crystalline Si deposited film of the sample prepared 
were measured according to the Van der Pauw method, they were found to be 300 (cm/V»sec) and 9 x 10- 6 
(S«cm- 1 ), respectively. 

55 

Example 2 

The substrate 118 was prepared according to the steps shown in Fig. 29. 

First, a glass substrate 201 comprising substantially uniform composition material as shown in Fig. 29(A) 
was washed and then according to the thermal CVD method amorphous SiN(A-SiN) thin film 202 was formed 
with a thickness of about 2^m on the whole surface of the substrate 201 [Fig. 29(B)]. 60 

Subsequently, surface annealing of the above A-SiN thin film 202 was effected in N2 atmosphere by means 
of a laser annealing device on the above A-SiN thin film 202 to form a crystalline Si (C-SiaN4) 203 on the surface 
layer of the A-SiN thin film 202 (to the depth of about 1 *im) [Fig. 29(C)). 

At this time, the laser was irradiated with Ar-CW laser of 4880 A, at a scanning speed of 2.5 cm/sec and at an 
energy of 10 W. Subsequentlyj'the surface of the C-Si layer 203 was scanned by means of the above laser 65 
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annealing device in O2 atmosphere to form selectively the S1O2 layer 204 [Fig. 29(D),]. 

According to the steps as described above, the substrate 118 having C-Si3N4 layer 203A exposed at 
constant intervals with other portions being covered with Si02 layer 204 was formed. The domains of C-Si3N4 
layer 203A exposed on the substrate surface were about 4 \xm in diameter with intervals of 3 \ur\. 

5 Further, by use of this substrate 118, crystalline silicon was deposited by means of the device shown in 
Fig. 27 similarly as described in Example 1. Deposition conditions were the same as in Example 1 except that 
the pressure was set at 0.1 Torr and the substrate temperature at 270° C. 

Fig. 29(E) is a schematic drawing showing the cross-section of the crystalline silicon deposited film 205 
obtained on the substrate 118. 

10 The size of the crystal grain was determined so that the crystal grain boundary 206 was at the same distance 
from the exposed portions 203A of the crystalline substrate 201 other than the Si02 layer 204. 

When crystallinity of the silicon deposited film was evaluated according to the X-ray diffractometry and 
electron beam diffractometry by use of respective samples obtained, they were confirmed to be polycrystalline 
silicon films. Further, the grain size of the polycrystalline silicon determined by the Scherrar method was 

15 20 ±0.5 \in\. The variance in crystal grain size was substantially negligible over the whole substrate. 

Also, when the surface state of the sample was observed by a scanning type electron microscope, the 
smoothness was found to be good without wavy pattern, etc., and the Aim thickness irregularity was ±40/0 or 
less. Also when the mobility and electroconductivity of the crystalline Si deposited film of the sample prepared 
were measured according to the Van der Pauw method, they were found to be 150 (cm/V«sec) and 5 x 10- 6 

20 (S«cm- 1 ), respectively. 

Example 3 

By use of the same conditions as in samples Nos. 1 and 2 in Examples 1 and 2, a thin film transistor 
(hereinafter abbreviated as TFT) as shown in Fig. 31 was prepared. After deposition of a Si semiconductor 

25 polycrystalline layer 3002 as shown in Fig. 30 with a film thickness of 0.5 jim on a glass (Corning #7059) base 
plate 3001 subjected to patterning with SiNH under the above conditions, TFT was prepared by use of the 
process for preparation of the upper gate coplanar TFT. 

First, according to the glow discharge method, an n+ layer (specific resistivity o ^ 1fi«cm) which is the 
ohmic contact layer 3103 doped with P was formed to a thickness of 1000 A, and then an active layer 3102 was 

30 remained by photolithography, followed by etching of the channel portion 31 06 to form the above contact layer 
3103. Then, by use of the glow discharge method, NH3 and Sim were decomposed to deposit a Si-N-H film 
with a film thickness of 3000 A, dielectric constant of 67 and a dielectric strength 3 x 10 s V/cm, Vfb ^ OV at a 
substrate temperature of 200 °C. Then contact holes 3105 for source and drain were opened, AI was 
deposited to 5000 A by vacuum vapor deposition as the upper electrode, and the source electrode 3107, the 

35 gate electrode 3109 and the drain electrode 3108 were respectively formed by photolithography. The gate 
width W and the gate length L were respectively 650 \l and 22 \l. The characteristics when the drain electrode 
was earthed and various © voltages were applied on the source electrode and the gate electrode were 
measured. In the drain current Id - drain voltage Vd characteristic, good saturation characteristics were 
obtained in both Nos. 1 and 2 to give a high current of 7 x 10- 4 A at a gate voltage of 10 V and a drain voltage 

40 of 10 V. The TFT characteristics obtained from the results of measurement of the drain current Id at various 
gate voltage Vd are shown in Table 1. 
The TFT by use of the film as obtained above was found to have good characteristics. 



45 



50 



55 



60 



65 



0 241 316 

Table 1 



5 



Sample No. 


1 


2 


Ratio of the maximum 
value and the minimum 
value of drain current* 


Z * O X 1U 


j . y x iu 


Electrical field effect 
mobility **/(cm^/v sec) 


41 


66 


Threshold value voltage** 
(V) 


5.1 


2.9 



10 



20 



*measured by varying gate voltage (drain voltage 

25 

V = 10 V made constant ) 
D 

** Calculated from fl D - V Q dependency 

30 



The method for forming deposited film of the present invention can form a deposited film only by contacting 
an activated species (A) with an activated species (B), and has the advantage of requiring particularly no 
reaction exciting energy from the outside. Accordingly, it becomes possible to lower the substrate 35 
temperature. Also, since a material which becomes the crystal nucleus for the deposited film or capable of 
forming selectively the crystal nucleus can be arranged at a desired position on the substrate surface, any 
desired polycrystalline or single crystalline deposited film with extremely high orientation and great grain size 
can be formed. Further, simultaneously with saving of energy, it is possible to obtain a crystalline deposited 
film having uniform film quality and characteristics over a large area with easy management of the film quality. 40 
Further, a crystalline film excellent in productivity, bulk productivity and having high quality with excellent 
electrical, optical semiconductive and other physical properties can be obtained with ease. 



45 

Claims 

1 . A method for forming a crystalline deposited film, which comprises introducing an active species (A) 
formed through decomposition of a compound containing silicon and a halogen and an active species (B) 
formed from a chemical substance for film formation having a property of effecting chemical mutual 50 
reaction with said active species (A) into a film forming space in which a substrate having a free surface 

with a non-nucieation surface (Snds) with smaller nucleation density and a nucleation surface (Sndl) 
having sufficiently small area for crystal growth from only a single nucleus and having greater nucleation 
density (NDl) than the nucleation density (NDs) of said non-nucleation surface (Snds) being arranged 
adjacent thereto is previously arranged, thereby effecting contact between said materials to form a 55 
plurality of precursors containing precursors under excited state, forming a single crystal on said 
nucleation surface (Sndl) with at least one precursor of these precursors being as the source for feeding 
the constituent element of the deposited film, and permitting a single crystal to grow from said nucleus. 

2. A process for forming a crystalline deposited film which comprises preparing a substrate for 
formation of a crystalline deposited film comprising a support member having a non-nucleation surface 60 
(Snds) showing a small nucleation density where a material (MO forming a nucleation surface (Sndl) 
showing a greater nucleation density (NDl) than the nucleation density of said non-nucleation surface 
(NDs) is given onto the desired portion of said non-nucleation surface (Snds) having an area small 
enough for crystal growth from only one nucleus to thereby form a nucleation surface; 

arranging said substrate within a film forming space; and then 65 
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introducing an active species (A) formed through decomposition of a compound containing silicon and 
a halogen and an active species (B) formed from a chemical substance for film formation having a 
property of effecting chemical mutual reaction with said active species (A) into the film forming space 
wherein said substrate is previously arranged, thus resulting in formation of a single nucleus on said 
5 nucleation surface (Sndl) followed by single crystal growth from said nucleus. 

3. A method according to claim 1 or 2, wherein a plural number of said nucleation surfaces (Sndl) are 
arranged as sectionalized within said non-nucleation surface (Snds). 

4. A method according to claim 1 or 2, wherein said nucleation surfaces (Sndl) are arranged as 
regularly sectionalized within said non-nucleation surface (Snds). 

10 5. A method according to claim 1 or 2 ( wherein said nucleation surfaces (Sndl) are arranged as 

sectionalized irregularly within said non-nucleation surface (Snds). 

6. A method according to claim 1 or 2, wherein a plural number of said nucleation surface (Sndl) are 
arranged as sectionalized on said non-nucleation surface (Snds). 

7. A method according to claim 1 or 2, wherein said nucleation surfaces (Sndl) are arranged as 
15 sectionalized regularly on said non-nucleation surface (Snds). 

8. A method according to claim 1 or 2, wherein said nucleation surfaces (Sndl) are arranged as 
sectionalized irregularly on said non-nucleation surface (Snds). 

9. A method for forming crystalline deposited film, which comprises introducing an active species (A) 
formed by decomposition of a compound containing silicon and a halogen and an active species (B) 

20 formed from a chemical substance for film formation which is chemically mutually reactive with said active 

species (A) into a film forming space in which there is previously arranged a substrate of which convex 
surface is constituted of a nonnucieation surface (Snds) with small nucleation density, and concave 
surface is constituted of a nucleation surface (Sndl) having sufficiently small area for crystal growth only 
from single nucleus and having greater nucleation density (NDl) than the nucleation density (NDs) of said 

25 nonnucieation surface (SndsK forming a single nucleus on said nucleation surface (Sndl) and permitting 

a single crystal to grow from said nucleus. 

10. A method for forming crystalline deposited film according to claim 9, wherein said nucleation surface 
(Sndl) is arranged in a plural number as sectionalized. 

11. A method for forming crystalline deposited film according to claim 9, wherein said nucleation surface 
30 (Sndl) is arranged in a plural number as regularly sectionalized. 

12. A method for forming crystalline deposited film according to claim 9, wherein said nucleation surface 
(Sndl) is arranged in a plural number as irregularly sectionalized. 

13. A method for forming crystalline deposited film according to claim 9, wherein said nucleation surface 
(Sndl) is arranged in a plural number. 

35 14. A method forforming crystalline deposited film according to claim 9, wherein said nucleation surface 

(Sndl) is arranged reguiarly in a plural number. 

15. A method forforming crystalline deposited film according to claim 9, wherein said nucleation surface 
(Sndl) is arranged irregularly in a plural number. 

16. A method according to claim 1 , 2 or 9, wherein said nucleation surface (Sndl) is formed of a material 
40 modified from the material forming said non-nucleation surface (Snds). 

17. A method according to any preceding claim, wherein said nucleation surface (Sndl) is formed of a 
material different from the material forming said non-nucleation surface (Snds). 

18. A method according to any preceding claim, wherein said non-nucleation surface (Snds) is formed of 
an amorphous material. 

45 19. A method according to claim 1, 2 or 9, wherein a plural number of said nucleation surfaces are 

provided as sectionalized, and single crystals are grown from said respective nucleation surfaces (Sndl). 
20. A method according to claim 19, wherein the single crystals grown from said respective nucleation 
surfaces (Sndl) are subjected to overgrowth in the direction of said respective nucleation surfaces 
(Sndl). 

50 21. A method according to claim 19 wherein the single crystals grown from the respective nucleation 

surfaces (Sndl) are permitted to grow to the sizes until they are contacted between the adjacent 
nucleation surfaces (Sndl). 

22. A method according to any preceding claim, wherein said nucleation surface (Sndl) is formed 
according to the ion implantation method. 
55 23. A method according to any preceding claim, wherein said non-nucleation surface (Snds) is formed of 

silicon oxide and said nucleation surface (Sndl) is formed of silicon nitride. 

24. A method according to any preceding claim wherein said compound containing silicon and a halogen 
is a chain silane compound of which at least a part of the hydrogen atoms is substituted with halogen 
atoms. 

60 25. A method according to claim 24, wherein said compound substituted with halogen atoms is a straight 

chain halogenated silicon compound. 

26. A method according to claim 25, wherein said straight chain halogenated silicon compound is 
represented by the formula SinX2n+2(n is an integer, X is a halogen atom). 

27. A method according to claim 24 wherein said chain halogenated silicon compound is a branched 
65 chain halogenated silicon compound. 
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28. A method according to any of claims 1 to 23, wherein said compound containing silicon and a 
halogen is a halogenated silicon having a cyclic structure of silicon. 

29. A method according to any preceding claim, wherein the chemical substance forming said activated 
species (B) contains a halogen gas. 

30. A method form forming crystalline deposited film according to claim 29, wherein said halogen gas is 
fluorine gas. 

31. A method for forming crystalline deposited film according to claim 29 wherein said halogen gas is 
chlorine gas. 

32. A method for forming crystalline deposited film according to claim 29 wherein the chemical 
substance forming said activated species (B) is hydrogen gas. 

33. A method according to claim 29, wherein the chemical substance forming said activated species (B) 
is a gas containing fluorine atoms as a constituent. 
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@ Method for forming crystalline deposited film. 

(g) A method for forming a crystalline deposited film com- 
prises introducing an active species (A) formed through 
decomposition of a compound containing silicon and a halogen 
and an active species (B) formed from a chemical substance for 
film formation having a property of effecting chemical mutual 
reaction with said active species (A) into a film forming space in 
which a substrate having a free surface with a non-nucleation 
surface (Snos) with smaller nucleatidh density and a nucleation 
surface (SndU having sufficiently small area for crystal growth 
from only a single nucleus and having greater nucleation density 
(ND L ) than the nucleation density (N^ s ) of said non-nucleation 
surface (Snos) being arranged adjacent thereto is previously 
arranged, thereby effecting contact between said materials to 
form a plurality of precursors containing precursors under 
excited state, forming a single crystal on said nucleation 
surface (Sndl) with at least one precursor of these precursors 
being as the source for feeding the constituent element of the 
deposited film, and permitting a single crystal to grow from said 
nucleus. 
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